One species of Digenea, one species of Cestoda, 18 species of Nematoda, as well as three taxa of nematode larvae (in cysts) were found. Thirty-one new host records and six new locality (¼ country) records are reported. Prevalence in endemic geckos was significantly higher than in nonendemic geckos.
The family Gekkonidae has an almost worldwide distribution and is well represented in the Papuan Region, where 47 species have been reported (Papuan Herpetofauna 2008) . The purpose of this paper is to establish an initial helminth list for the Papuan endemics Cyrtodactylus epiroticus, Cyrtodactylus klugei, Cyrtodactylus loriae, Cyrtodactylus novaeguineae, and Cyrtodactylus sermowaiensis and provide additional helminth occurrences for Gehyra mutilata, Gehyra oceanica, Gekko vittatus, Hemidactylus frenatus, and Lepidodactylus lugubris. Range maps for these host geckos in Papua New Guinea are available at http://www.bishopmuseum.org/ research/pbs/papuanherps/. The last five species have previously been reported to harbor helminths (Kreis 1938 , Goldberg and Bursey 1997 , 2000a , 2001 , 2000 . Comparisons are made between helminths present in immigrant versus endemic geckos.
materials and methods
Two hundred three individuals representing 10 species of gekkonid lizards from Papua New Guinea collected from 2002 to 2005 (Appendix 1) were examined for helminths: Cyrtodactylus epiroticus ðn ¼ 2Þ, C. klugei ðn ¼ 2Þ, C. loriae ðn ¼ 7Þ, C. novaeguineae ðn ¼ 3Þ, C. sermowaiensis ðn ¼ 30Þ, Gehyra mutilata ðn ¼ 22Þ, G. oceanica ðn ¼ 27Þ, Gekko vittatus ðn ¼ 41Þ, Hemidactylus frenatus ðn ¼ 29Þ, and Lepidodactylus lugubris ðn ¼ 40Þ. Immediately after capture geckos were killed by an overdose of sodium pentobarbital, fixed in neutral buffered 10% formalin, stored in 70% ethanol, and accessioned in the herpetology collection of the Bishop Museum ( bpbm), Honolulu, Hawai'i. Subsequently, the body cavity was opened by a longitudinal abdominal incision and the gastrointestinal tract was removed by cutting across the esophagus and the rectum, and then shipped in a vial of alcohol to Whittier College, Whittier, California, where a detailed dissection of each tract was carried out using a dissecting microscope.
Helminths from individual hosts were removed to vials of 70% ethanol and later placed under a coverslip in a drop of lactophenol and allowed to clear. Nematodes were identified from these preparations. Digeneans and cestodes were washed in water, regressively stained in hematoxylin, and mounted in balsam for identification under a compound microscope. Although the helminths examined in this study were originally fixed in situ with formalin, each species exhibits unique characters that easily allow proper identification; no previously undescribed helminth species was found. Voucher specimens were deposited in the United States National Parasite Collection (usnpc), Beltsville, Maryland, and the Bishop Museum ( bpbm), Honolulu, Hawai'i (Appendix 2). Parasite terminology is in accordance with Bush et al. (1997) . Chi-square analysis, Morisita's index, and percentage similarity were used to compare infections between endemic versus nonendemic geckos (Brower et al. 1998 , Magurran 2004 . results A total of 635 helminths was collected from 69 (34%) of 205 geckos. Of these, 413 (65%) were mature individuals representing one species of Digenea (Allopharynx macallisteri), one species of Cestoda (Oochoristica javaensis), and 15 species of Nematoda (Aplectana macintoshi, Maxvachonia adamsoni, Cosmocerca zugi, Maxvachonia chabaudi, Meteterakis crombiei, Moaciria chondropythonis, Moaciria moraveci, Oswaldocruzia bakeri, Parapharyngodon maplestoni, Pharyngodon novaeguineae, Pharyngodon oceanicus, Pseudorictularia dispsarilis, Skrjabinelazia machidai, Spauligodon gehyrae, Spauligodon hemidactylus). Pseudorictularia dispsarilis occurred in the stomach; Allopharynx macallisteri, Oochoristica javaensis, and Skrjabinelazia machidai were found in the small intestine. All other helminths were found in the large intestines. In total 222 (35%) were immature forms (Abbreviata sp., Ascarops sp., and Acuariidae gen. sp.) represented by larvae in cysts in the stomach wall.
Although 20 species of helminths occurred in the sample, no host species harbored more than eight species (mean number of helminth species per host species was 4.1 G 2.2; range 1-8), and no individual host harbored more than four helminth species (mean number of helminth species per infected gecko was 1.5 G 0.8 SD; range 1-4). Of the 69 infected geckos, 46 (67%) harbored one helminth species, 15 (22%) harbored two species, 6 (9%) harbored three species, and two (3%) harbored four species. Number of individuals for each species and prevalence (number of infected hosts/number of hosts examined Â 100) as well as 29 new host and six new locality (¼ country) records are recorded in Table  1 . discussion The digenean Allopharynx macallisteri was originally described from Lepidodactylus lugubris collected on Guam, Mariana Islands (Dailey et al. 1998 ). It has also been reported from L. lugubris collected on Rota, Mariana Islands ), and Cyrtodactylus triparticus (then C. louisiadensis) from Papua New Guinea (Bursey et al. 2005a ).
The cestode Oochoristica javaensis was originally described from specimens taken from the small intestines of the geckos Hemidactylus platyurus (then Cosymbotus platyurus), Gehyra mutilata, and Hemidactylus frenatus collected in Java (Kennedy et al. 1982 ) and has also been reported from Gehyra oceanica and Lepidodactylus paurolepis in the Pacific realm (see Goldberg and Bursey [2002] for locality records) as well as from Sphenomorphus jobiensis from Papua New Guinea (Bursey et al. 2005b) .
Six (33%) of the 18 nematodes found in this study are currently known only from Papua New Guinea (i.e., Cosmocerca zugi, Maxvachonia adamsoni, Meteterakis crombiei, Moaciria chondropythonis, M. moraveci, and Pharyngodon novaeguineae). Host lists for these species are given in Table 2 . One of the 18 species, Pseudorictularia disparilis, is currently known only from the Australo-Papuan Region. It was originally described as Rictularia disparilis from specimens taken from a skink, Pseudemoia entrecasteauxi (formerly Lygosoma entrecasteauxi), collected in Australia by IrwinSmith (1922) but reassigned to its current Dollfus and Desportes (1945) . The host list for P. dipsarilis includes the frogs Litoria inermis, L. nigrofrenatus, Rana daemeli, and R. supragrisea; the lizards Emoia caeruleocauda, E. kordoana, E. physicae, Pogona mitchelli, P. microlepidota, and Tiliqua occipitalis; and the mammal Dasyurus hallucatus (Owen and Moorhouse 1980 , Jones 1986 , Bursey et al. 2008a , Goldberg et al. 2008 . Eight of the 18 species of nematodes as well as the three genera represented by larvae in cysts have much broader distribution patterns. Hosts lists for Aplectana macintoshi, Oswaldocruzia bakeri, and Abbreviata sp. (larvae) are given in Bursey et al. (2008a) ; for Maxvachonia chabaudi, Parapharyngodon maplestoni, Spauligodon gehyrae, Skrjabinelazia machidai, and Ascarops sp. in Goldberg and Bursey (2002) ; for Pharyngodon oceanicus and Spauligodon hemidactylus in Goldberg et al. (2005); and for Acuariidae gen. sp. in Goldberg et al. (2008) . Additions to these host lists are given in Table 1 .
Eight (40%) of the 20 helminth species found in this study (i.e., Allopharynx macallisteri, Oochoristica javaensis, Meteterakis crombiei, Pseudorictularia disparilis, Skrjabinelazia machidai, Abbreviata sp., Ascarops sp., and acuariid larvae) require an intermediate host (Macy 1965 , Conn 1985 , Anderson 2000 . These species were represented by 277 (44% of total) individuals and were most likely acquired by ingestion of an insect intermediate host.
It should be noted that 222 (80%) of the 277 individuals requiring an intermediate host were larvae in cysts; the geckos most likely serve as paratenic hosts. The remaining 14 species, represented by 358 (56% of total) individuals, are thought to have direct life cycles (Anderson 2000) . The data presented here indicate that helminth parasites (specifically those capable of reaching maturity) of Papua New Guinea geckos are largely generalists, the majority of which (357 individuals versus 55) have direct life cycles. Five species of geckos examined in this study (Cyrtodactylus epiroticus, C. klugei, C. loriae, C. novaeguineae, and C. sermowaiensis), currently known only from New Guinea and the immediately adjacent islands, are represented by 45 individuals and account for 22% of the host sample. The other five species (Gehyra mutilata, G. oceanica, Gekko vittatus, Hemidactylus frenatus, and Lepidodactylus lugubris) are widely distributed in Oceania (Bauer and Henle 1994) . Six species of helminths found in this study (Cosmocerca zugi, Maxvachonia adamsoni, Meteterakis crombiei, Moaciria chondropythonis, M. moraveci, and Pharyngodon novaeguineae), also known only from Papua New Guinea, are represented by 188 individuals and account for 30% of the helminth sample. The endemic gecko species as a group harbored 12 helminth species (Table 1). The more widely distributed gecko species as a group also harbored 12 helminth species; however, only four helminth species were common to both groups (Sorensen similarity index ¼ 0.33). The endemic geckos as a group harbored 485 helminth individuals; 30 (67%) of 45 were infected, a mean helminth load of 16.9 per infected gecko. The wide-ranging geckos as a group harbored 150 helminth individuals; 40 (25%) of 160 were infected, a mean helminth load of 3.8 per infected gecko. The helminth loads of endemic versus nonendemic geckos are significantly higher ( w 2 ¼ 35:98, df ¼ 1, P < :001). Twenty taxa of helminths were found in this study. Of the helminth species known only from Papua New Guinea, only one species, Maxvachonia adamsoni, was found in the group of geckos of wider distribution. Thus, the wide-ranging group of geckos harbored 12 helminth species but just one individual of a helminth species known only from Papua New Guinea and 149 helminth individuals of wider distribution. Six of the 14 helminth species of wider distribution (Aplectana macintoshi, Maxvachonia chabaudi, Parapharyngodon maplestoni, Pseudorictularia disparilis, Abbreviata sp., and Ascarops sp.) were found in the endemic gecko group. Thus, the endemic gecko group harbored 12 helminth species, 185 helminth individuals of species known only from Papua New Guinea and 300 helminth individuals of species with wider distribution. Similarity indices, Morisita's index and percentage similarity, were calculated for the helminth communities harbored by endemic geckos (community A) and by the more widely ranging geckos (community B . Each index ranges from 0 (no similarity) to 1 (identical) (Brower et al. 1998) . Thus, there is little similarity in the composition of the helminth community in these two groups of geckos. Questions arise: Is helminth community change driven by the helminths of immigrant hosts; are immigrant hosts less susceptible to native helminths; are native hosts more quickly infected by immigrant helminths? It is well known that hosts can escape much of their native parasite community via human-assisted transport (Mitchell and Power 2003 , Torchin et al. 2003 , Torchin and Mitchell 2004 , and Gehyra mutilata, G. oceanica, Hemidactylus frenatus, and Lepidodactylus lugubris have all been widely moved via human activities (Kraus 2009 ). It is unknown how recently these species arrived in the Papuan Region, but their wide and actively expanding distributions elsewhere suggest that it may have been relatively recently. Goldberg and Bursey (2000b) have also shown that lizards such as Anolis sagrei are capable of transporting helminth species from their point of origin (Caribbean) to areas they colonize (Hawai'i); but corresponding information on infections in immigrant lizards is not yet available to make conclusions about rates of helminth community change brought about by invading hosts. Nevertheless, our data are consistent with a hypothesis of infection of endemic species by helminths transported by recently immigrating hosts. 
